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CERAMIC SHELL-AND-TUBE TYPE HEAT 
EXCHANGER AND METHOD FOR 
MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION AND 
RELATED ART STATEMENT 

The present invention relates to a ceramic shell-and-tube 
type heat exchanger and a method for manufacturing the 
same. 

Nowadays, the research and development of a forWard 
type ceramic gas turbine have been carried out as a govern 
ment project for the purposes of achieving high ef?ciency, 
loW environmental pollution, the diversi?cation of fuel, and 
the like. Thus, as one of factor devices of this ceramic gas 
turbine, a heat exchanger made of a ceramic material having 
an excellent performance as a heat-resistant material for 
high temperatures has been developed in place of conven 
tional metallic materials. FIG. 11 shoWs a schematic side 
vieW illustrating a ceramic shell-and-tube type heat 
exchanger Which has been heretofore developed. In this 
draWing, tWo tubular plates 1a, 1b are joined and ?xed to 
both the end portions of a plurality of heat transfer tubes 2 
Which are tubular ceramics, and the above-mentioned tWo 
tubular plates 1a, 1b are plate-like ceramics having a plu 
rality of through-holes into Which these heat transfer tubes 
2 are inserted to be ?xed. 

As a general method for preparing a ceramic shell-and 
tube type heat exchanger, there is knoWn a method Which 
comprises: inserting the end portions of the heat transfer 
tubes Which are the sintered tubular ceramics into through 
holes of tubular plates 1 Which are unsintered plate-like 
ceramics having the plurality of throughholes 3 as shoWn in 
FIG. 7, and then ?ring these members in this condition, 
thereby integrally joining both the members to each other by 
the utiliZation of a difference betWeen ?ring shrinkage ratios 
of both the members (this joining technique utiliZing the 
difference betWeen the ?ring shrinkage ratios Will be here 
inafter referred to as “?ring join”). 

That is, since the heat transfer tubes are already sintered, 
they hardly shrink during the ?ring process; While since the 
tubular plates are unsintered, the tubular plates have a higher 
shrinkage ratio than the heat transfer tubes. When ?ring is 
conducted under the aforementioned conditions, both ends 
of each heat transfer tube are tightened by a shrinkage of 
throughholes 3 in the tubular plates 1 according to the 
sintering, thereby unitarily joining the tubular plates 1 With 
the heat transfer tubes. An adequate interference of the ?ring 
join is determined in consideration of ?ring shrinkage ratios 
of the tubular plates and the heat transfer tubes, thereby 
providing more strong connecting conditions. 

In this case, the ?ring can usually be carried out in such 
a condition as shoWn in FIG. 10 Where in a sagger having a 
sealed structure for the purposes of preventing contamina 
tion With carbon and the like from furnace materials and of 
regulating an atmosphere, a setter 4 is placed, the heat 
transfer tubes 2 are stood on this setter 4 so as to be vertical 
to a ?oor surface, and the tubular plates 1a, 1b are positioned 
at both the upper and loWer end portions of the tubes 2 by 
the use of jigs 5. 

HoWever, in the above-mentioned conventional manufac 
turing method, the heat transfer tubes tend to be deformed 
during the ?ring join step. Therefore, joining strength 
betWeen the heat transfer tubes and the tubular plates tends 
to deteriorate, and gas leakage is inconveniently liable to 
occur oWing to a joining failure betWeen the heat transfer 
tubes and the tubular plates. When the heat transfer tubes are 
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2 
long, the heat transfer tubes are further noticeably deformed. 
Accordingly, it has particularly been dif?cult to manufacture 
the ceramic shell-and-tube type heat exchanger having the 
long heat transfer tubes. 
As a means for controlling the deformation of the heat 

transfer tubes in a ?ring and joining process, the present 
inventor previously proposed that another tubular plate 
(middle tubular plate) 1c is placed betWeen the tWo tubular 
plates 1a and 1c Which Were positioned at the upper and 
loWer end portions of the heat transfer tubes as shoWn in 
FIG. 9 and that they are ?red and joined simultaneously With 
supporting these tubular plates by a ?xing jig 5 (US. patent 
application Ser. No. 08/411,261). Since, the heat transfer 
tubes 2 Were bound in the middle portions by the middle 
tubular plate 1c in this method, it had a certain effect of 
controlling the deformations of the heat transfer tubes. 
HoWever, it Was not necessarily satis?ed, and therefore, a 
more effective method Was required. 

Additionally, in a heat exchanger, it is the most important 
technical subject to improve its heat exchange efficiency. As 
one of the means, it is very effective to form ?ns on the heat 
transfer tubes, thereby enlarging a heat transfer area of the 
heat exchanger. 
The present invention has been attained in vieW of such 

conventional circumstances. An object of the present inven 
tion is to provide a method for manufacturing a ceramic 
shell-and-tube type heat exchanger provided With ?ns, 
Which can prevent the deformation of heat transfer tubes and 
simultaneously form ?ns of heat transfer tubes in a ?ring 
join step. 

SUMMARY OF THE INVENTION 

According to the present invention, there is provided a 
method for manufacturing a ceramic shell-and tube type heat 
exchanger provided With ?ns, comprising the steps of: 

inserting heat transfer tubes of sintered tubular ceramic 
into throughholes of tubular plates of unsintered plate 
like ceramic each having a plurality of the throughholes 
for ?xing the heat transfer tubes inserted thereinto; 

standing the heat transfer tubes vertically to a ?oor 
surface; 

positioning the tubular plates at both the upper and loWer 
end portions of the heat transfer tubes; 

disposing betWeen the tubular plates many ?n plates of 
unsintered ceramic so as to pile up the ?n plates in the 
direction of a length of the heat transfer tubes, each of 
the ?n plates comprising: a thin plate having a plurality 
of throughholes for ?xing the heat transfer tubes 
inserted thereinto, and protrusions formed on the both 
edge portions of the thin plate; 

?ring them so as to unitarily join them by the utiliZation 
of differences of ?ring shrinkage ratios among the heat 
transfer tubes, the tubular plates, and the ?n plates; and 

removing the protrusions from the ?n plates. 
Incidentally, in the present invention, the unsintered 

ceramic means a molded article (a green Ware) or a calcined 
article (a calcined Ware) of the ceramics. 
According to the present invention, there is further pro 

vided a ceramic shell-and-tube type heat exchanger com 
prising: 

a plurality of heat transfer tubes of sintered tubular 
ceramic; 

tWo tubular plates of unsintered ceramic having a plate 
like shape and having a plurality of throughholes into 
Which the heat transfer tubes are inserted to be ?xed at 
both of the upper and loWer ends of the heat transfer 
tubes; and 
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?ns disposed between the tWo tubular plates and ?xedly 
Joined With the heat transfer tubes, each of the ?ns 
having a thin plate-like shape having a plurality of 
throughholes into Which the heat transfer tubes are 
inserted to be ?xed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an illustrative vieW showing an embodiment of 
a method for manufacturing a ceramic shell-and-tube type 
heat exchanger of the present invention. 

FIG. 2 is a schematic side vieW shoWing one embodiment 
of the ceramic shell-and-tube type heat exchanger obtained 
by a manufacturing method of the present invention. 

FIGS. 3A and 3B are illustrative vieWs shoWing an 
embodiment of a ?n plate. FIG. 3A is a plan vieW, and FIG. 
3B is a cross-sectional vieW. 

FIG. 4 is a cross-sectional vieW shoWing an embodiment 
of a ?n plate. 

FIG. 5 is a cross-sectional vieW shoWing an embodiment 
of a ?n plate. 

FIG. 6 is a cross-sectional vieW shoWing an embodiment 
of a ?n plate. 

FIG. 7 is a plan vieW shoWing an embodiment of a tubular 
plate. 

FIG. 8 is a plan vieW shoWing an embodiment of a tubular 
plate. 

FIG. 9 is an illustrative side vieW shoWing a method for 
manufacturing a ceramic shell-and-tube type heat exchanger 
disclosed in US. patent application Ser. No. 08/411,261. 

FIG. 10 is an illustrative side vieW shoWing a 
conventional, general method for manufacturing a ceramic 
shell-and-tube type heat exchanger. 

FIG. 11 is a schematic side vieW shoWing a ceramic 
shell-and tube type heat exchanger manufactured by a 
conventional method. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

In a manufacturing method of the present invention, a 
plurality of ?n plates are piled up to be disposed in the 
direction of a length of the heat transfer tubes betWeen the 
tubular plate positioned at the upper end portions of heat 
transfer tubes (hereinafter referred to as “an upper tubular 
plate”) and the tubular plate positioned at the loWer end 
positions (hereinafter referred to as “a loWer tubular plate”) 
of the heat transfer tubes, Whereby the deformation of the 
heat transfer tubes in a ?ring join step can be prevented, With 
the result that a heat exchanger having excellent shape 
accuracy can be obtained. Additionally, protrusions of the ?n 
plates are removed so as to obtain a heat exchanger having 
many ?ns formed on the heat transfer tubes and having a 
Wide heat transfer area, thereby obtaining a high heat 
exchange efficiency. 

The present invention is hereinbeloW described in detail 
With reference to the draWings. 

FIG. 1 is an illustrative vieW shoWing an embodiment of 
a manufacturing method of the present invention. Each of 
heat transfer tubes 2 Which are sintered tubular ceramics is 
inserted into each of the throughholes of tubular plates 1a 
and 1b. The upper tubular plate 1a and the loWer tubular 
plate 1b are positioned at the upper end portion and at the 
loWer end portion, respectively, of the heat transfer tubes 2 
Which are vertically stood on a setter 4. Simultaneously, 
many ?n plates 6 are disposed to be piled up betWeen the 
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upper tubular plate 1a and the loWer tubular plate 1b in a 
direction of length of the heat transfer tubes 2. 

Each of the ?n plates 6 is of unsintered ceramic like a 
tubular plate. As shoWn in the plan vieW of FIG. 3A and the 
cross-sectional vieW of FIG. 3B, each of the ?n plates 6 
comprises a thin plate 6a for supporting a heat transfer tube 
having a plurality of throughholes 7 for ?xing heat transfer 
tubes inserted thereinto and protrusions 6b formed on the 
both edge portions of the thin plate 6a for supporting the 
heat transfer tubes so as to be perpendicular to the thin plate 
6a. When such ?n plates 6 are piled up as shoWn in FIG. 1, 
spaces With a predetermined pitch are formed betWeen the 
thin plates 6a of adjacent ?n plates 6. 
The pitch betWeen thin plates 6a of adjacent ?n plates 

depends on the height h of the protrusions 6b. The thin plates 
6a function as ?ns for enlarging a heat transfer area of the 
outside of the heat transfer tubes When heat exchange is 
accomplished by a method of the present invention. The 
number of ?n plates 6 is determined by the number of ?n 
plates required to obtain the aimed heat transfer area. A 
height h of protrusions 6b is determined in consideration of 
the number of ?n plates 6 and a length of heat transfer tube 
2, and the like. Though a thickness of a thin plate 6a is not 
particularly limited, the thickness is preferably about 0.5—3 
mm. 

Tubular plates 1a and 1b and ?n plates 6, all of Which are 
unsintered ceramic having a high ?ring shrinkage ratio 
tighten the heat transfer tubes 2 in throughholes of the plates 
by ?ring under the state shoWn in FIG. 1, thereby joining the 
heat transfer tube 2 With the tubular plates 1a and 1b and the 
?n plates 6. The heat transfer tubes 2 are connected With the 
plates by ?ring under the state that the tubes 2 are inserted 
into the throughholes of each of the many ?n plates 6 Which 
are piled up. Accordingly, movement of the heat transfer 
tubes 2 is controlled by the throughholes of each ?n plate 6, 
and deformation of the heat transfer tubes 2 during ?ring and 
joining can be controlled. When the method of the present 
invention is compared With the aforementioned method in 
Which an intermediate tubular plate is used (US. patent 
application Ser. No. 08/411,261), the heat transfer tubes 2 
are bound by many ?n plates 6 With narroWer spaces and in 
more positions. Therefore, the effect of controlling defor 
mation of the heat transfer tubes is higher. 

Incidentally, in the embodiment shoWn in FIG. 1, spacers 
8 are positioned betWeen the uppermost ?n plate 6 and the 
upper tubular plate 1a so as to secure a predetermined space 
therebetWeen. Alternatively, a ?n plate 6 having protrusions 
6b in both the upper and loWer direction as shoWn in FIG. 
4 may be used for securing the predetermined space. 

In the present invention, the upper and loWer tubular 
plates 1a and 1b are supported by ?n plates 6 piled up on the 
loWer tubular plate 1b so as to disposed betWeen the upper 
and loWer tubular plates 1a and 1b and positioned in a 
predetermined position of the heat transfer tubes 2. 
Accordingly, a jig for supporting and positioning the tubular 
plates is not required, and the positioning is easily per 
formed. 

Incidentally, the tubular plates and the ?n plates do not 
have to have a rectangular shape as a tubular plate 1 in FIG. 
7 and a ?n plate 6 in FIG. 3 and may be another shape. For 
example, FIG. 8 is a plan vieW shoWing a circular tubular 
plate 1. A?n plate 6 may have a corrugated thin plate 6a or 
a thin plate 6a having protrusions and depressions as shoWn 
in FIG. 5 or 6 so as to enlarge a heat transfer area. Further, 
the thin plate 6a for supporting heat transfer tubes may have 
a slit or the like besides throughholes 7 into Which heat 
transfer tubes 2 are to be inserted. 
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A protrusion of a ?n plate may be formed on all of the 
periphery of the thin plates. Alternatively, the protrusion 
may be formed on a part of a periphery of the thin plates as 
long as a predetermined space is ensured betWeen the 
surfaces of adjoining ?n plates When ?n plates are piled up. 
For example, the rectangular ?n plate 6 shoWn in FIG. 3 has 
protrusions 6b formed on the tWo facing sides. 

Firing is performed under a condition shoWn in FIG. 1 so 
as to unitarily join heat transfer tubes 2, tubular plates 1a, 1b, 
and ?n plates 6. Then, protrusions 6b are removed from ?n 
plates 6. The protrusions 6b can be removed by surface 
grinding When the ?n plates are rectangular and by cylin 
drical grinding When the ?n plates are circular. Incidentally, 
peripheral portions of tubular plates 1a and 1b may be 
subjected to grinding processing simultaneously With the 
removal of the protrusions 6b so that the tubular plates 1a 
and 1b have the same con?guration and dimensions as the 
?n plates Which protrusions 6b are removed. 
As shoWn in FIG. 2, thus obtained heat exchanger has a 

plurality of parallel heat transfer tubes 2, tWo tubular plates 
1a and 1b Which are ?xed on both end of the heat transfer 
tubes 2, thin plate-like ?ns 6‘ (Which are obtained by 
removing protrusions 6b from the ?n plate 6), Which are 
jointed and ?xed to the heat transfer tubes 2. This heat 
exchanger has an enlarged heat transfer area outside the heat 
transfer tubes 2 because of the ?ns 6‘, and as a result 
heat-exchanging quantity is increased and high heat 
exchanging ef?ciency can be obtained as a Whole. 

A ceramic to be used for the present invention is not 
particularly limited. HoWever, silicon nitride or silicon car 
bide are preferably used because they have high strength and 
high thermal resistance. Tubular plates, ?n plates, and heat 
transfer tubes may be made of one kind of ceramic material. 
Alternatively, they each may be made of independent mate 
rials. For example, When tubular plates and heat transfer 
tubes are made of silicon nitride, ?n plates may be made of 
aluminum nitride, Which has a heat conductivity higher than 
that of silicon nitride. The number and disposition of the 
throughholes arranged in the tubular plates and the ?n plates 
are not particularly limited and may be selected depending 
on conditions for use of the heat exchanger. The through 
holes may be arranged When plate-like bodies for the tubular 
plates or the ?n plates are molded. Alternatively, the 
throughholes may be arranged by means of punching, ultra 
sonic machining, or the like after molding. 

The present invention is hereinbeloW described in more 
detail on the basis of Example. HoWever, the present inven 
tion is by no means limited to the Example. 

EXAMPLE 

To 1000 g of Si3N4 poWder Were added 10 g of Y2O3, 10 
g of MgO, and 5 g of ZrO2 as sintering aids, 1 g of 
poly(vinyl alcohol) as an organic binder, and 1000 g of 
Water. They Were ground and mixed for 4 hours by an attriter 
using a Si3N4 ball having a diameter of 5 mm so as to obtain 
a mixture. The mixture Was then dried and granulated by a 
spray drier so as to obtain a poWder as a material. A 

cylindrical compact Was made by extrusion molding using 
the poWder and dried at 110° C. for 10 hours. Subsequently, 
the compact Was calcined so as to remove the binder at 500° 
C. for 5 hours, and then ?red at 1650° C. for 1 hour so as to 
obtain a sintered heat transfer tube having an outer diameter 
of 7 mm, an inner diameter of 5 mm, and a length of 1050 
mm. 

The same material as that of the aforementioned heat 
transfer tube Was subjected to isostatic pressing under a 
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6 
pressure of 7 ton/cm2 so as to obtain a compact having a 
plate-like shape. The compact Was dried and calcined so as 
to remove a binder in the same manner as in the production 
of the aforementioned heat transfer tube, and then calcined 
at 1350° C. for 3 hours in a nitrogen atmosphere. The 
obtained calcined body having dimensions of 300><150><25 
mm Was subjected to ultrasonic machining so as to form a 
plurality of throughholes Which the cylindrical bodies are to 
be inserted into and joined to the calcined body, each of 
throughholes having a diameter of 7.1 mm. Thus, a calcined 
tubular plate Was obtained. Incidentally, the throughholes 
Were arranged in a ZigZag as shoWn in FIG. 7 (S1=9.8 mm, 
S2=9.1 
A calcined ?n plate Was obtained in the same manner as 

in the aforementioned production of the tubular plate. The 
?n plate had a surface for supporting heat transfer tubes, 
protrusions, and throughholes. The surface had dimensions 
of 350><l50><1 mm. The protrusions had a height of 5 mm. 
The throughholes Were disposed in the same Way as in the 
tubular plate. 

Then, as shoWn in FIG. 1, the heat transfer tubes 2 Were 
inserted into the throughholes of the tubular plates 1a and 1b 
and ?n plates 6. The tubular plates 1a and 1b Were posi 
tioned at both upper and loWer ends of the heat transfer tubes 
2 on a setter 4. Simultaneously, 199 ?n plates 6 Were piled 
up betWeen the tubular plates 1a and 1b so as to being 
disposed in the direction of the length of the heat transfer 
tubes 2. Incidentally, spacers 8 each having a height of 5 mm 
Were inserted into the space betWeen the uppermost ?n plate 
6 and the tubular plate 1a so as to ensure the space there. 

Under such conditions, they Were ?red at 1650° C. for 3 
hours in a nitrogen atmosphere so as to unitarily join heat 
transfer tubes 2, tubular plates 1a and 1b, and ?n plates 6. 
Then, protrusions 6b of the ?n plates 6 and the peripheral 
portions of the tubular plates 1a and 1b Were removed by 
surface grinding. Thus, there Was obtained a shell-and-tube 
type heat exchanger provided With ?ns, in Which tWo tubular 
plates 1a and 1b Were joined and ?xed at both ends of each 
of a plurality of heat transfer tubes 2 arranged in parallel and 
?ns 6‘ Were joined and ?xed to the heat transfer tubes 2 
betWeen the tubular plates 1a and 1b. Incidentally, an 
interference of the ?ring join Was 0.2 mm. 

COMPARATIVE EXAMPLE 

A shell-and-tube type heat exchanger Was obtained in the 
same manner as in the Example except that ?n plates Were 
not used and jigs 5 Were used betWeen the tubular plates 1a 
and 1b as shoWn in FIG. 10. As shoWn in FIG. 11, tubular 
plates 1a and 1b are unitarily joined at both upper and loWer 
ends of the heat transfer tubes 2 in the shell-and-tube type 
heat exchanger. 

Heat transfer tubes of each of the heat exchangers 
obtained in the Example and Comparative Example Were 
measured for deformation (straightness). Heat transfer tubes 
of the heat exchanger Which did not use ?n plates and Was 
obtained in the Comparative Example had a deformation of 
about 3 mm, While heat transfer tubes of the heat exchanger 
Which used ?n plates and Was obtained in the Example had 
a deformation of about 1 mm. Thus, a deformation of heat 
transfer tubes With ?ns Was controlled to a great degree in 
comparison With that of heat transfer tubes Without ?ns. 

Each of the heat exchangers obtained in the Example and 
Comparative Example Was measured for heat transfer rate 
outside the heat transfer tubes as folloWs: 

As a ?uid outside the tubes, air having an inlet tempera 
ture of 900° C. Was sent from the direction perpendicular to 
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the direction of length of heat transfer tubes towards the heat 
transfer tubes With a speed of 9 kg/m2~sec. As a ?uid inside 
the heat transfer tubes, air having an inlet temperature of 
500° C. Was sent inside the tubes With a speed of 90 
kg/m2~sec. Thus, a heat transfer rate outside the heat transfer 
tubes Was obtained. As a result, the heat exchanger Without 
?ns obtained in the Comparative Example had a heat trans 
fer rate of 208 kcal/m2 hr° C., While the heat exchanger With 
?ns obtained in the Example had a heat transfer rate of 296 
kcal/m2 hr° C., Which is a 42% improvement of heat transfer 
rate in comparison With that of the Comparative Example. 
As described above, according to a method for producing 

a shell-and-tube type heat exchanger provided With ?ns, 
deformation of heat transfer tubes in a process of ?ring join 
can be effectively controlled by piling up many ?n plates in 
the direction of the length of the heat transfer tubes betWeen 
a tubular plate positioned at the upper end of the heat 
transfer tubes and a tubular plate positioned at the loWer end 
of the heat transfer tubes. Further, a jig for positioning 
tubular plates is not necessary upon ?ring join because the 
tubular plates are supported by ?n plates and can be posi 
tioned in a predetermined place. Furthermore, ?n plates 
function as ?ns for enlarging a heat transfer area outside heat 
transfer tubes by removing the protrusions after ?ring join. 

In a ceramic shell-and-tube type heat exchanger provided 
With ?ns of the present invention, a heat transfer area outside 
the heat transfer tubes is enlarged by many ?ns joined and 
?xed to the heat transfer tubes, and as a result, heat transfer 
rate outside the tubes is improved, and high heat-exchanging 
ef?ciency is obtained. 
What is claimed is: 
1. A method for manufacturing a ceramic shell-and tube 

type heat exchanger provided With ?ns, comprising the steps 
of: 

inserting heat transfer tubes of sintered tubular ceramic 
into throughholes of tubular plates of unsintered plate 
like ceramic each having a plurality of throughholes for 
?xing the heat transfer tubes inserted thereinto; 
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standing the heat transfer tubes vertically to a ?oor 

surface; 
positioning the tubular plates at both the upper and loWer 

end portions of the heat transfer tubes; 
disposing betWeen the tubular plates a plurality of ?n 

plates of unsintered ceramic so as to pile up the ?n 
plates in the direction of a length of the heat transfer 
tubes, each of the ?n plates comprising: a thin plate 
having a plurality of throughholes for ?xing the heat 
transfer tubes inserted thereinto, and protrusions 
formed on edge portions of the thin plate and extending 
upWardly or doWnWardly so as to separate the thin 
plates; 

?ring a resultant structure so as to unitarily join the 
structure by utiliZation of diferences of ?ring shrinkage 
ratios among the heat transfer tubes, the tubular plates, 
and the ?n plates; and removing the protrusions from 
the ?n plates. 

2. A method for manufacturing a ceramic shell-and-tube 
type heat exchanger according to claim 1, Wherein a thick 
ness of the thin plate is 0.5 to 3 mm. 

3. A method for manufacturing a ceramic shell-and-tube 
type heat exchanger according to claim 1, Wherein spacers 
are positioned betWeen the uppermost ?n plate and the upper 
tubular plate so as to secure a predetermined space therebe 
tWeen. 

4. A method for manufacturing a ceramic shell-and-tube 
type heat exchanger according to claim 1, Wherein the 
uppermost ?n plate has protrusions in both the upper and 
loWer direction. 

5. A method for manufacturing a ceramic shell-and-tube 
type heat exchanger according to claim 1, Wherein the ?n 
plate is a corrugated thin plate. 

6. A method for manufacturing a ceramic shell-and-tube 
type heat exchanger according to claim 1, Wherein the ?n 
plate is a thin plate having protrusions and depressions. 

* * * * * 


